theory to the case of expanding cosmic turbulence in a wrong manner and his conClusion is erroneous.
We summarize the Lighthill-Crighton theory in the following. The intensity of sound at the center of a sphere in turbulent region is given by a (1) where p, (ap 2 ),, c., Rand a are the density, the mean square of fluctuation in density by sound, the sound speed, the radius of sphere and the damping factor per unit length, respectively. The emissivity of sound, E, per unit volume of the turbulence was estimated by Proudman14> as follows:
where v and l are the velosity and the scale of turbulent eddy. We assume the Stokes-Kirchhoff formula for a sound wave of frequency w:
where fi is the diffusivity of sound and is of the order of kinematic viscosity 11. Inserting Eqs. (2) and (3) v>0.015c(Qh 2 )-2 1 5 at t=teq, (7) where Q is the density parameter,; Hubble constant is H 0 = (100 km·sec-1 Mpc-1 )h.
The condition (7) is too severe for the turbulence theory of galaxy formation, beca~se the turbulent velocity must be of the order of 10 9 • 5 -10 8 em/sec in order to explain the parameters of galaxy. 6 l In the following we show that we should adopt Eq. (5) instead of Eq. (4) as the intensity of sound. As to the radius of the turbulent region, R, we should adopt the .radius of acoustic horizon, p,t, at most because sounds generated at points beyond acoustic horizon·· cannot propagate to the origin by time t. aR is estimated to be ( v) 2 t fit
As ~are co~cerned with the subsonic turbulence (m<1) and l)>vVe, 6 l, 7 J then aR~1; "the universe is acoustically thin". Combining Eqs. (5) and (6) and noting that l=vt, whose relation holds for energy contained eddy, we obtain a condition for rapid decay as m>0.48 or equivalently v>0.22c.
This condition is not so severe as the condition (7). One may consider that sound is absorbed more effectively by turbulent viscosity. In this· case aR-m 2 , because fi-vl; the universe is acoustically thin too. Therefore, turbulence would not decay if the turbulent viscosity is smaller than 0.22c at teq. Even if the universe is acoustically thick due to the turbulent viscosity, the situation stated above will not be changed so much, because a-I, beyond which sounds cannot propagate without absorption, becomes smaller than c,t. It should be noted that Olber's paradox is not prevented from occurring by the absorption but by the existence of horizon or equivalently by the expansion of the universe.
Jones also discussed that the relation for the density contrast (8pf p)d"-'m 2 , which was proposed by Ozernoi et al. 4 J and examined by Tomita 8 l and Sasao, 9 l is not correct prior to recombination. However, this is not the case. There are two types of mechanism for density contrasts; one is due to sounds discussed above and the other is due to dynamical pressure. In general, the scales of the density contrasts are different for these two types of mechanisms and, we suppose, it is plausible that they are related to the existence of such hierarchy as clusters of galaxies and galaxies; (Dp/ p)d for galaxies and (Dp/ p), for clusters of galaxies. The authors would like to thank Prof.
